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ABSTRACT
Long-billed hummingbirds prefer long corolla flowers, although structurally they can readily visit short corollas
(Feinsinger 1983; Mayzel 1997). This study examined how facultative long-billed hummingbird preferences are
to corolla length as well as the role of interference competition. Red and orange plastic tubes of two sizes
(short = 2 cm, long = 4 cm) were attached to the holes of eight hummingbird feeders to mimic short and long
corollas. A total of 64 thirty-minute observations were made counting visits to "corollas" of different color and
length, species, and competitive interactions were also noted. The color of the corolla did not influence the
number of visits (ANOVA, p = 0.7531). However, the species and corolla length influenced the number of
visits (ANOVA, p < 0.0001). Short-billed hummingbirds significantly preferred short corollas while long-billed
hummingbirds attended both short and long corollas with equal frequency. Overall, the number of visits to the
short corollas was greater than visitation to long corollas (ANOVA, p < 0.0001). The selectivity of long-billed
hummingbirds on long corollas appears to be a facultative relationship that maybe also influenced by
exploitative competition. Short-billed species may be emptying nectar from short corolla flowers more
frequently. Other studies suggest that nectar concentration and excretion rates, not studied here, may also direct
long-billed species toward long corolla flowers.

RESUMEN
Colibríes de pico largo prefieren las flores con corolas largas aunque estructuralmente pueden visitar las flores
con corolas cortas (Feinsinger 1983; Mayzel 1997). Este estudio examinó cuales son las preferencias de los
colibríes de pico largo en relación con la longitud de las corolas y también la importancia de competencia por
interferencia. Se utilizaron tubos plásticos con colores rojo y naranja con diferentes largos (cortos = 2 cm y
largos = 4 cm) que fueron sujetados a las aberturas de los comederos de los colibríes para imitar las corolas
cortas y las largas. En total, se hicieron 64 observaciones de 30 minutos contando el número de visitas a
"corolas" de diferente color y largo, la especie de colibrí y las interacciones entre los colibríes. El color de la
corola no tuvo influencia en el número de visitas (ANOVA, p = 0.7531). Sin embargo, las especies y el largo
de la corola influyeron el número de visitas (ANOVA, p < 0.0001). Los colibríes de pico corto prefirieron
significativamente las corolas cortas mientras los colibríes de pico largo han visitado los dos largos con igual
frecuencia. En conjunto, el número de visitas a las corolas cortas fue más que a las corolas largas (ANOVA, p
< 0.0001). La selección de los colibríes de pico largo parece ser una relación facultativa que quizá esta
afectada por competencia por explotación. Los colibríes de pico corto probablemente estén vaciando el néctar
de las flores de corola corta más frecuentemente. Otros estudios sugieren que la concentración de néctar y la
velocidad de excreción, que no fueron estudiados en este trabajo, estén afectando la preferencia de especies de
pico largo a las flores de corola larga.

INTRODUCTION
Plants have evolved to use animals to increase pollen transfer efficiency. Animals are important
because they provide more direction than wind or water. Insects, bats, and birds are common
pollinators of flowering plants. Plants provide a reward for the pollinator, either as energy-rich

nectar or protein-rich pollen, and in return the animal provides an efficient means of pollen transfer
(Proctor et al. 1996). As angiosperms speciated, conspecific pollen transfer became harder
because there were more species. Thus, rare species especially benefited from specialized
pollination. Flowers evolved attractants, such as color and scent, to more efficiently draw in
pollinators. Nectar guides and other markings further assist the pollinator in efficiently locating
their reward and picking up pollen (Proctor et al 1996). By altering morphology and reward,
plants restrict the full range of pollinators to select groups. Floral characters associated with
certain groups are referred to as pollination "syndromes".
The hummingbird (family Trochilidae) pollination syndrome is a tube-shaped flower
whose petals are fused into a firm corolla. Moreover, hummingbird flowers are generally red to
orange, offer copious nectar, exhibit daytime flowering, lack an odor, open in the morning, and
have peak nectar-production concentrated in the early morning (Proctor et al. 1996). Within
hummingbird flowers, color varies as does the length and shape of the corolla. Short corolla
flowers are primarily visited by short-billed hummingbirds while long corollas are exclusively
visited by long-billed hummingbirds (Feinsinger 1983; Mayzel 1997).
Darwin (1862) believed that the long corollas of orchids were the results of directional
selection by long-billed hummingbirds leading to a more specialized relationship. On the other
hand, short-billed hummingbirds have a more generalist relationship because they share
pollination of certain plants with bees and other insects (Fenster 1991). The behavior of
coevolution between flowers and hummingbirds, while often cited as a classic example, is
puzzling. Unlike short-billed hummingbirds, who cannot reach the reward offered by long corolla
flowers, long-billed hummingbirds can, presumably, take nectar from both short and long corolla
flowers.
It is possible that competition between short and long-billed hummingbirds for floral nectar
results in a preference by long-billed hummingbirds for long corolla flowers. Despite a structural
capacity to extract nectar from short corollas, long corollas offer a better and more consistent
reward as short short-billed hummingbirds have no capacity to extract nectar. Thus, Short corolla
flowers effectively have more competitors for their nectar and are therefore, less-reliable sources of
nectar for long-billed hummingbirds.
Here I attempt to understand the nature of long-billed hummingbird selectivity in more
detail. Specifically, I examine the role of interference or contest competition in long-billed
hummingbird preferences. If short-billed hummingbirds defend short but not long corollas, this
may explain the preference for long corollas. Further, I wish to examine how facultative longbilled hummingbird’s preferences are to corolla length. In other words, will long-billed
hummingbirds visit short corollas if the rewards of doing so are equal to that of long corollas?

METHODS
The study was conducted on the farm of Rafael Leitón and Liliam Arce in San Luis de
Monteverde, Costa Rica in pasture near forest edge at 1225 meters. The study site was in the
Tropical Moist/Tropical Premontane Wet transition zone (Holdridge 1967) often referred to as the
Cliff Edge.
Eight hummingbird feeders were used, each with four holes for nectar access. To mimic
different corolla lengths, plastic tubing was attached to the holes. The plastic tubing was spraypainted red and orange so the different length corollas were distinguishable. In order to
determine a length for the long corolla, a known long-billed hummingbird pollinated flower in the
Monteverde area, Justicia aurea (Acanthaceae), was measured and found to have a corolla length
of 4.5 cm. Furthermore, according to Feinsinger and Bolten (1978), long corolla flowers in

Monteverde on average had a corolla length of 3.6 cm. Thus, a length of 4.0 cm was chosen for
the length of the long corollas. The short corollas were made 2.0 cm long, half the length of the
long corollas. Four of the feeders had red-colored long corollas and orange-colored short
corollas. The other four feeders had orange-colored long corollas and red-colored short
corollas.
The hummingbird feeders were placed approximately two meters apart. A 20% sucrose
solution by volume was used to fill the feeders. The feeders were set out for one week to
habituate hummingbirds. Each hummingbird feeder was observed for thirty minutes each day
for a total of eight days. Data were collected from 6:30 AM to 10:30 AM. During data
collection, the hummingbird species, color of the corolla, length of the corolla, and any
competitive interactions, such as a hummingbird chasing away another hummingbird, were
recorded. The study took place from October 20, 2001 to November 15, 2001.
According to Fodgen (1993), two long-billed hummingbird species are found at 1225m:
the Violet Sabrewing and the Green Violet-ear; and short-billed hummingbird species with bill
lengths of 1.3 cm or 1.9 cm are common (Table 1).

RESULTS
Of the anticipated hummingbirds in the study location, visitation included just one long-billed
hummingbird species, the Violet Sabrewing (Table 1). Since there was only one species with a
long bill, long-billed hummingbird and Violet Sabrewing are used interchangeably throughout
the text. By comparison, six short-billed hummingbird species attended the feeders: the Rufoustailed Hummingbird, the Steely-vented Hummingbird, the Coppery-headed Emerald, the Stripedtailed Hummingbird, and the Fork-tailed Emerald (for bill lengths, see Table 1). The Stripedtailed Hummingbird and the Fork-tailed Emerald were only rare visitors to the feeders and
consequently were not included in analysis. Of the more frequent visitors, territoriality and
aggressiveness is common in Rufous-tailed Hummingbirds, moderate in Steely-vented
Hummingbird, and relatively low in the Violet Sabrewings (Stiles and Skutch 1989). The
negative interactions observed at the feeders were few in number and were dominated by the
Rufous-tailed Hummingbird. Of the 296 visits over the eight-day period, 26 incidents occurred
in which one species chased away another from the feeder. Of these, a Rufous-tailed
Hummingbird chased away a conspecific 22 times and also chased away a Steely-vented
Hummingbird twice. The Violet Sabrewing chased away a Rufous-tailed Hummingbird two
times.
A three-way analysis of variance showed color had no influence on visitation (f = 0.099,
p = 0.7531, df = 1). In fact, corollas of similar length but of different color had almost identical
visitation (f = 0.443, p = 0.5069, df = 1). Red corollas were visited, on average, 2.30 times (sd =
3.80) per thirty-minute observation period, while orange corollas had a mean visitation of 2.16
(sd = 3.74). Further, of the four common species visiting feeders, none showed a preference
based on color (f = 0.738, p = 0.5316, df = 3; see Figure 1). The interaction of color, species,
and corolla length on the number of visits (f = 0.505, p = 0.6793, df = 3) also showed no
significant difference. Furthermore, the corolla length had a strong influence on the number of
visits (f = 48.624, p < 0.0001, df = 1) and visitation was highly influenced by the hummingbird
species (f = 17.722, p < 0.0001, df = 3). The interaction between the hummingbird species and
corolla length on the number of visits also showed significant difference (f=21.111, p< 0.0001,
df = 3).

Because color showed no apparent influence on the number of visits, a two-way analysis
of variance was performed for corolla length and species. As seen in Figure 2, the hummingbird
species (f = 18.290, p < 0.0001, df = 3), as well as the corolla length (f = 50.183, p < 0.0001, df =
1) strongly affected the frequency of visitation. Short corollas were visited, on average, 3.781
times (sd = 4.607) per thirty-minute observation period, while long corollas had a mean visitation
of 0.672 (sd= 1.512).
Moreover, the hummingbird species showed a significant difference in choosing which
length corolla to visit (f =21.787, p< 0.0001, df = 3; see Figure 2). Hummingbird selectivity
between long and short corollas was prevalent only in the short-billed hummingbird species. For
instance, Rufous-tailed Hummingbirds on average preferred short corollas over the less accessible
long corollas (t = 8.196, p < 0.001). Frequently, Rufous-tailed Hummingbirds would approach
long corollas but would redirect their flight to short corollas. Likewise, Steely-vented
Hummingbirds had a significant difference in preference of corolla length attending only short
corolla flowers (t = 4.176, p = 0.002). Coppery-headed Emeralds also limited their corolla
visitation to only short corollas (t = 2.145, p = 0.0402). By contrast, the long-billed Violet
Sabrewing visited both length corollas, exhibiting no preference between the two given choices (t
= 0.054, p =0.9576).

DISCUSSION
The low number of competitive interactions of short-billed hummingbirds defending short
corollas at the feeders suggests that interference or contest competition may not be a factor in
long-billed hummingbird specificity to long corolla flowers. Furthermore, offering an equal
reward at both corolla lengths, the long-billed hummingbirds (Violet Sabrewings) indiscriminately
attended both short and long corollas. On the other hand, short-billed hummingbirds were stuck at
short corollas because they could not structurally obtain nectar from long corollas.
Despite the findings at the feeders, studies in nature show long-billed hummingbirds only
go to long corollas (Feinsinger 1983; Mayzel 1997). Therefore, coevolution has not led longbilled hummingbirds to be "hard-wired" for flower choice. Rather, long-billed hummingbirds
"choose" not to visit short corollas in nature. This result suggests, then, that the specificity of
long-billed hummingbirds to long corolla flowers in nature is facultative. If foraging behavior in
long-billed hummingbirds were fixed, then the long-billed hummingbirds would consistently only
attend long corollas at the feeders.
Consequently, some form of competition in nature may be causing discrimination of longbilled hummingbirds toward mainly long corolla flowers. This competition could be in the form of
exploitative/scramble or interference/contest competition. Exploitative competition involves
indirect effects as two species do not restrict with each other through territoriality or aggression
(Krebs 1994). This competition occurs as competitors exploit a shared resource, thus by reducing
its availability. In this case, interference competition is not a factor in long-billed hummingbird
specificity. The frequency with which intruders are chased away by Rufous-tailed Hummingbirds
varies inversely with intruder body size (Dearborn 1998). The Violet Sabrewing not only has a
longer-bill but also is overall a larger hummingbird, weighing an average 10.5 grams. The smaller,
short-billed Rufous-tailed Hummingbird weighs significantly less with an average of 5.2 grams
(Stiles and Skutch 1989). Therefore, interference competition at least between the Violet
Sabrewing and the Rufous-tailed Hummingbird may have been eliminated from the size
difference. It is difficult to conclude that all long-billed hummingbirds are impacted by

interference competition from short-billed hummingbirds because only the Violet Sabrewing
came to the feeders. Furthermore, not all long-billed hummingbirds are large in size. For
instance, the Green Violet-ear has a long bill yet only weighs 5.0 grams, less than the Rufoustailed Hummingbird (for bill length see Table 1). A similar study could be conducted at a
higher elevation in the Monteverde area in which both large and small long-billed
hummingbirds, the Violet Sabrewing and the Green Violet-ear, respectively, could be observed
for interference competition.
Exploitative competition between the hummingbirds is more likely to be taking place
over interference competition. The short-billed hummingbirds and long-billed hummingbirds
competing for the same resource (nectar), yet they are not actively guarding resources. This is
supported by the observation that the short corollas were visited on average more frequently than
the long corollas. My observations suggest that, in nature, short corolla flowers would be
emptied more rapidly than the less frequently visited long corolla flowers. Therefore, the longbilled hummingbirds would prefer long corolla flowers due to the greater abundance of nectar in
long corolla flowers.
Another factor, not studied here, that contributes to higher amounts of nectar in the long
corolla flowers is that long corolla flowers have higher nectar production than short corolla
flowers. In fact, field studies show that long corolla flowers secrete a larger, more consistent
standing crop of nectar than short-billed hummingbird-pollinated flowers (Feinsinger 1983). An
additional component, not investigation in this study that might push long-billed hummingbirds
toward exclusively visiting long corolla flowers is nectar concentration. One study found that the
concentration of nectar in hummingbird-pollinated flowers varied directly with the corolla length
of the flower (Feinsinger and Bolton 1978).
To further understand the specificity of long-billed hummingbirds to long corollas
flowers more studies need to take place. Numerous study sites should span a wide elevation
range to obtain data on a higher diversity of both short and long-billed hummingbirds. In
addition, nectar excretion and nectar concentration should also be manipulated in order to
comprehend the full scope of the hummingbirds specificity.
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